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THE BLECTROSTATIC GENERATOR

OTEs The following is a translation of a Russian artiole
written by A. Fo Ioffe, who is affiliated with the Leningrad
Physlcoteohnical Institute of the Academy of Soiences USSR, The
artiole was submitted 4 October 1939 to the Zhurmal Tekhniches=
koy Fieiki, Vol IX, No 23 (1939), pp 20712080,/

1l Introduction

Succeseful high-voltage techniquoe led in 1931 to the experiments of
Cockroft and Wolton and to the rapid growth of nuclear physics. 1In its turn,
nuclear physics stimulated a number of attempts to obtain particles with en=-
ergies equal to several million electron=volts. Among these attempts, the
Lawrence cyclotron and Van de Qraaf generator were the most signifioant.

Dozene of installations of thess two types have been realized or are
being constructed in all countries, chiefly in the US. Present-day cyeclotrons
require oven now hundreds of tons of metal and hundreds of kilowatts of power.
The Van de Oraaf genorators astound one by their great storey buildings. :
The cost of a oyclotron or genorator is measured in the milliona. The em= :
ployment of high=voltage generators is not limited, however, to nuclear phys= '
loss Many olinlcs are equipped with X=rey apparatuses with voltages in the
millionsa, ‘

High-voltage experiments require such generators. Million=volt eleg= i
tron guns could be utilized in many ways.

Finally, one should not forget the basic problem of transmission of
direct ocurrent == a problem which is becoming more and more urgent as de-
mands for long-distance transmission of power become greater; that is, the

- further increase of voltages. i
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Obviously, present elactrostatio generators giving geveral milliamperes
of current are not suitable for power purposes. Quite obvioualy, however,
future purposeful development can give teohnically important rosulte. Inny
opinion electrostatioc genorators of 1000's of kllowattn are entirely possible.

In the course of four years we have been endeavoring to perfect the
eleotrostatic genorator, mainly with the aim of obtaining high-voltage streams
of charged particles or X-rays. Constantly in our view were the problems of |
power conoentration in small spaces and efficiencye

e

Although thic work is still far from complote, we consider it useful to
publish our results, since thoy allow one to judge how far we have progressed
:Lrﬁ the galrioua individual problems and to {1lwninate the techniocel gide of ]
tho problem. i

In the course of our work we tried a great number of models and devel=
opod many variations of tho basic idea, and in our experiences we have re-
solved very important difficulties of a practical nature. Publication of
our exporiences will undoubtedly oclarify the work £or othor investigatorss

2, Setting up the Problem

The prinociple governing the operation of each electrostatic generator
consiets of the movement of a definite charge in an electrioal field, in
which case the work exponded in its transposition is converted into electri-
cal worke

The potential of charge Q is raised from V. to V,. If the charge Q
does not change, then the capacitance of the & tem bGarﬂ.ng the charge de~
oroases from an initial value Cy to 02, thuss

C
(/l//f:'c:"’f: , ¢ J/ﬁﬁ-c)—;% . (1)

The current strength I is defined as the charge that is transferred to
the collector per 1 second.

Let us designate by E the f101d intensity due to the charge Q; by ep=
gilon € , the dielectric congtant of the medium in which the c¢harge Q moves;
by v,the velocity of the charge along the lines of force; mad by S, the size
of ‘oﬁe surface, perpendicular bo the field, which (iees) surface) holds the
charge. Thon we have! ‘

eE
I-:::WSV . (2)

Tn the Van de Graaf generator the capacitance 02 practically equals

zero, therefore the highest practically attainable potential is determined
by the leakage ourrent and the current taken offs

When E = 100 sbs units, £ =1, 5=2m and v = 20 m/sec, then we have!
I = 1 milllamp. !

The tremendous space required for insulation of the collector is ubil=-
ized very inefficiently. The operabing spaca is merely the surface of the
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moving belte Therefore, even in generators with compressed gas the power
remaine negligible == meveral kilewatte for a volume of 100 to 200 w7,

Proceeding from the Van de Graaf or other older type of generator cne
oan try to eliminate those weak points.

The highedt possible field intensity E, which the charge density de-
tgﬁm;,tﬁst be regarded as the most importent condition. Thie can be
attaine ']

1, By building in the generstor a medium with the highest possible
electrical strength

2. By making the elsotrical field, normel to the charge<bearing sur-
face, as homogenecus as poseidble; in which cave the movement of the ocapa-
citance must at all times vary uniformly, mainteining a meximum field.

In order to decrease the sise of the machine, it is desirable to make
as uniform as possible also the field aleng the lines of force in which the
charge Q moves and to ensure a compulsory distyibution of potential which
(Le0ey distribution) dées not permit acoumulations of space charges.

s it R R

The second important oondition is the groatest possible operating sur

face of the generator in a given space. This is attained only for a rigid
rotating system.

Very important also is to inorease the speod of the moving charge up
to maximum limites permitted by the strength of materials. This condition ,
requires a rotor with uniform rotation and a modium with the emallest pos=- ’
sible viscosity.

Inoreasing of the dielectric constant presupposes a fluid medium. How= :
ever, the requirements demanded of ineulating properties and viscosity of
this medium, it seems, makes a fluid unsuiteble for large mechines. In small '
models, a fluid mediun (we have found the most satisfactory one to be highl{
purdfied kerosenej its method of purification has been desoribed earlier (1))
turns out to be very oonvenient. From the stendpoint of electrical strength,
the compressed gases employed by us significantly surpassed fluid dielectrics.

In describing the operating cycle of a generator in the coordinates C,
v, or Q, V, we note & very close analogy »dth Carnot's cydde for thermal
engines (see Figures 1 and la).

1. At capacitance cl or charge Q0 the system is removed from a source

et potential V1 and without the charge varying it diminishes its capaéitance
to the value o} Cz, but the potential increases to Va3 all during this proo-~

ess the product VO remains constant -- the curve in figure 1 represents the
equilateral hyperbola.

2. At oonstent potential Vy, the system is joined to the collector, to
which & charge q1 = qp is traneferred, thus decreasing its capacitence to the
value C3.

AR S SRR

3. Then the system is separated from the source af potential V2, and at
constent charge g, it increases its capacitance to the value ch, thus decreas=
y ing its potential to V.

i
, E\ Lo Finally, the system is joined to the scurce at potent:lal Vy,and in= ’
R creasing its capacitance from Cp to Cy it receives from the source a charge

k 9 = 9
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The cyole 1s a closed one. As a result of eaoh oycle a quantity of
electricity (qy = qo) 4s trancferred from the sburce at potantial V1 to the
collector at a h:l.ghgr potential V,. The mochanical work expended in this
transfer is represented by the u'in of the rectangle ABOD in figure la.

The area ADEF is the eleotriéel energy delivered by the source at potential
V3, and the arca BOEF is the enorgy obtained by the collecter.

Thue the energy Up obtained by a high=voltage systom censists partly of
the eleotrical enargy Uy supplied by the low-voltage system, and partly of
the mechanical work U = Uye

The ratio Up/Uy is determined by the ccefficient of transformation
n = V,/V;, which is"always considersbly greater than unity.

The eleotrostatic generator is reversible:s 4if one conducts the same
oyole olookwise, the high=voltage source supplies energy Uz and the low=
energy souwrce obtaine energy Uy, and the difference U; = U is converted ine
to mechanical work.

The genorator can sexrve also as an electrostatic motor. The ccefficient
of useful work in this case &s in the other is determined only by friotion,
Joulian heat, and dieleotric loss due to the periodic variation of the field
in ghoving dielectric motor.

If the minimum capacitance equals O3 when removed from the collector

and the maximum capaoitance equals O; at the moment when removed from the low=
voltage source at voltage Vy, then the greatest attainable voltage Iss

Um == Vl% ' (3)

The ourrent strength at this potential equale zero, since here Oy = O3
and q = va(oe - 03) - 0,
The charge after one oycle equalst Qu ™ V3(Cp = 03).

If we teke the charge at potential V intermediate between v1 and V)
then we obtain the relaticnes c

=2
V==V ' Cy
VC.

Q= V(C—C) = \/C:.-—VT/;‘
We designate the quantity by:
V=V (=&,

This is the charge found in the rotor in the section 1l=2. Hences
Qon('-_V/Vmu;) ' (L)

Figure 2 depeicts the voltampere characteristic expressed by aquation
(4). This is a straight line whose slope with the x-axis equals?

toma= V. /Q,= 1/ (5)

Thus the capacitance O3 determines not only the maximum voltage Vy but
also the slope of the characteristic which (Ll.e., slope) gives tho magnitude
of the charge able to betéaken at a given voltage V.
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3. The Main Types of Generators

The simplest type of genorator in existence is the cylindrical rotoer
rotating eccentrically in another oylinder grounded to the earth (figure 3).

The charge from the low-voltage source is delivered at the place where
the rotor passec closest of all to the containers If the rotor's surface is
a dielectric, the charge must be supplied along the entire generatrix (1404,
the line generating the cylindrical surface)) for example, through the core
ona points. The charge can be supplied with a brueh at a definite part (for
exanple, at the end parts of the oylindor)s To do this, however, one must
provide tho rotor with sufficient conductivity on the generatrices while
maintaining good insulating quality along the oiroumference. This is easily
attained by cne's spplying on the rotor's oylinder oonducting strips separa=
ted by insulators.

At the place where tho charge is supplied, the capacitance per unit
surfsce of the rotor is a maximum (01). Actually, if tho echeme represented
in figure 1 is to be realized, the “charge starts to be supplied scmewhat
earlier for a capacitance O}, and at maximum capacitance Oy the supplying of
the charge is completed and contact Wl th the low=voltage source ceases.

The charge located on the rotor!s surface moves farther away with fure
ther rotation frem the container's wallj; the capacitance decreases and the
potential inorsases. If the rotor's radius of curvature is very large in
comparison with its distance from the oontainer, then the capacitance de-
oreases inversely proportionally and the potential inoreases directly propor«
tionally with this distance.

Thus the field during the entire time of the motion is almost uniform
(the field is bounded by two cylinders with large, although somewhat differ=
ent, radii) and the field :Lntegaity remains identical and equals B = 47 /g ’
where q is the charge per 1 om® Considerably weaker is the field llonz the
oircumference of the cylinder, although the field is not uniform; the field,
hovover, possesses a given smooth distribution which ensures the electrical
strength on the rotor's surface and in the intermediate medium.

When the capacitance of the rotor's surface falls to the value Cp, the
charging is effected upon contact with the high-voltage source (with the aid
of brushes or points). From this moment up to such a position that the ca=
pacitance attaine the least possible value C3, when at the greatest distance
from the container, the charge passes over to the collectors

Further movement of the rotor without a charge is unprofitable not only
because of the lows of operating area but also beoause of the asymmetry intro-
duoed by this. The left half of the rotor moving in a maximum electrical
field experiences a force normsl to the rotor's axis, which (1¢04, force)
whioh is never in equilibrium wd th the right side.

If in the compressed gas the field intensity reaches 300 kV/om or 1000
gbs units, then for € = 1 the left side will experience a lateral pressure
p equal to p = E2/87 = 3/100 atm.

Therefore it is expedient after the charge is taken off to supply a
charge q of potential V, = V This charge at potential V, begins to with-

drav to the corresponding loa‘-voltago source or thethe ground at the pppo=
site end of the rotors diameter near the container.
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One can improve the operation of the desoribed generator in two ways
(figure 3a)1

1, Distribution of the field along the cirocumference of the oylinder
between the high=voltage collector and ground can be made homogenecus, if
instesd of the surface of the cylindwical ocntainer one introduces a grounded
soreen 1 of such a form that the field tangent to the rotor's surface wowld
remain constant, then the resultant of the forces normal and tangent to the
surface will preserve over the entire expanse an identical magnitude and in-
olination to the rotor's surface.

Under these conditions we obtain the optimum ulilisation of the genera-
tor's dielectric medium. .

2, With tho aim of deoreasing the capacitance 03 without inoreasing
the container's size and at tho same time with the aim of further improving
the field's configuration cne should introduce in tho generator a screen 2
joined to the collector. The distance betwsen this soreen and container can
be filled with any ineulating dielectric, solid or fluid, W th maximun elec-
trical strength. Here we have an almost homogenecus constant field.

In this dielectric it is easy tordivide the potential with the aid of
semioonducting layers.

One oan further inorease the power and attainable voltua'by introducing
in the rotor two more internal soreens 3 and L.

3, The internsl surface of the rotor can be made an operating surface
i€ one introduces a grounded soreen 3 in a form corresponding to screen 1 and
supply the charge to both the external and the internal surfaces of the hel-
low oylindrical roters It is simplest of dll to connect metal conduoting
strips in both surfeces. Obvisualy, the form of the screen 1 must be designed
with considerations for the redistribution of the charge in the external and
internal sides.

4. By introducing a screen l connected by metal to soreon 2, we create
in the space between them a sort of Faraday pail and sharply lower the ocapa=
citance C3 (figure 1), which determines according to equation (1) the attain-
able high=voltage potential V?_.

The distance betwesn soreens 3 and L obviously is smaller than the dis-
tance between 1 and 2. However, if within the hollow oylinder there is no
rotating axis, the space 3= can be filled with a dielsctric possessing gréat
dielectrical strength and distributed potentlial.

For the distribution of potential betwesn scrasens 3 and L, and also be=
tween screen 2 and the contsiner, one can utilize not only the leakage through
a great resistance but also the direct mepal bond with the rotor in those
parts of it which possess corresponding suitable potentials. To do this one
needas, obviously, a supplementary system of intermediate brushes or points.

Tasts on small models and small volumes led us to the sonvistion that
kerosene and C CJ‘h are the most sultabls media for a genaerator.

Their rupture strength exceeds ZOOJEV/cm; ]ﬂpeoifie resistance for a

= 1014 ohms, and viscosity is euf-
fiolently small, Actually, as shown in the next article, a small model § om
in diameter gave 100 kV in kerosene and sufficient current, However, a large
generator with a two-meter rotor shows that the rupture strength of kerosene

-6-
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for ouch sises does not succeed for long in rising higher than 30=40 ¥V/on}
at the same time the sxpenditure of energy in fyiotion exceeds by many times
the useful powWors

As a result of this, the generator, which at an oporating field of 90
KV/cm should have oreated about 3 million volts and given a short=ciroult
current uwp to 1 millianpere, did not exceed 1,2-1,5 million volte and gave
a shortmoiroult current up to 0.3 milliampere, It8 prolonged use Y out
to be possible only for voltages of 800<900 kV and currents of 20=50 mioro~

anpercs.

Therefore wo turned to & study of gaseous dielectrics. Pesides the
wall=lmown O uh and freon, we sought & new porfectly inert gas with elec~
trioal strength sbout 70 KV/om at atmospherio pressures

Filling of the above~montioned filuid genorator (not dosigned for high
prouuru) with one of these gases should raise the maxdmman potential
almost inorease by three times the velooity of rotation. Under these con=
ditions one can expect that the short=cirouit curyent would inorease to
mioroampares and the operating current, to 300 mioroamperess

The main advantage of odr gas is that its pressure oan be inoressed to
10 atm without danger of nquei'action. In this case the gas' rupture strength
in a homogenaous f£ield incroases according to Paschen's Law proportionlny
with pressure, reaching 700 KV/omj that is, to such values beyond which one
can already expeot the cold extraction of elsctrons., In 8 nonhomogeneous
field the gas' strength 18 22 times greater than the strength of aire

The employment of such & medium promises great advantages for elactro=
ptatlc generators of the closed type, vesides for many other problems of
high=-voltage technologye

Lo Multirotor Generator

A glance ab figure 3 and 3a shows the insuffiocient utilization of the
space, in particular the space between goreen 2 and the container. Here one
has to insulate the voltages themsalves directly from the earth.

This defest is sliminated by & gransition to miltirotor models possess=
ing one general container. The number of rotors can ve from 2 to be Figure
ly shows 8 four=rotor modele

In the center 48 located & high=voltage collector. From 4t to the con~
tainer the intensity decreases aniformly in all direotions. The surfaces of
equal potentinls in the epace petween the rotors can be realized with conduct=
ing layers possessing potentisls decreasing graduslly from V, to 03 the last
layer is grounded to the screenss

The remainder of the model (in figure 3 here, namelys the entlire space),
excluding the gaps around the four rotors, can be £411ed W th & solid dielso-
tric with conducting laminae (4n the model of figure 3 this would lead to
the appearances on the surface of the dielectrics of charges which eliminate
the field near the rotor).

On the surface b8 the gap opposite the rotor these laminae oreate a po-
tential V differing from the potential of the rotorts surface by the amound

AV such that AV » B4, where E is the field attainable for a mediun f£illing
the gep and d is the gap widthe

-7-
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Obviously, the conditions governing the insuwlation both for the dielec=
tric £illing the omtalner and for the medium in tho gaps are mch more fa=
vorable than in tho model of figure 3, Since the transverse field in the gap
is considerably greater than the longitudinal field, the insulaticn noeds
actually to be designed only for the potential difference AV and not for the
entire applied voltage Vae

This fact introduces & new tempting possibility of transition to a vas~
uws as the medium in whioh the rotor rotates.

Van de Graaf in his firet artiole introduced the notion of a vacuum,

but the idea turned out to be impracticable and was not able to be realized

by him, since the technology of the vasuum at one million volts ie still none

existent. A totally different matter is a vacuum far voltages equal to 50=60

kV. Here one can rely well developed techniques that ensure safe operation.
, The field in this case can be brought up to 500~600 kV/om, which means & gap

of the order 1 mm. When the rotor oporates with an acourasy of 0,1 nm, we

showld have a field steady to 10% of its value, which permits the indicated

£1e1ds to be actually used.

Ab the same time the vacuum porfectly eliminates the main source of
losses == namely the friction and turbulent motion in the medium surrounding
the rotor. :

The remaining losses == namely, friction in the bearings (the gaps in
them cen play the role of a vasuum punp), Jotile heat, and dielectric losses ==
. an be reduced to very small values. Under these conditions the vacuum elec=
trostatic generator can approximate in efficiency the electromagnetic machines.
However the actual characteristiocs of vacuum generatorn can be gudged only &f- ’
ter sultable models are mads and studied.

The operating principle itself of the multirotor generator differs some=
what from the unirotor rotor 111ustrated in figures 3 and 3a. In fact, in-
stead of a continucusly decreasing capacitance (from 0y to O )5 we have dure
ing the motion of & rotor shown in figure l; a constant capao tance in the con=
denser with gap &, but the potential of the elactrode opposite the rotor grad=
ually increases Ma&l‘.ur.!!l-oﬂi‘nwon already, for a potential of the rotor
equal to Vp, its connection with the high-voltage eollector is happening.

The potentia.l distribution between the landnas is most easily effected with
the aid of large resistancess

We have considered the problem of 4nsulation in the transverse cross=
goction. At the ends of the rotor and at the load outlet of the collector
it ie necessary o provide a similer system of distributed potentials which
is realized by means of conducting laminae.

The author considers the multirotor model in & compracsed electrically-
strong gas (or in a vaowum) as the most siuitable of all the types of electro-
static generators discussed here, for voltages in the millions.

In order to install the cathode-ray tube (NOTE: called literally a
tyacuum tube" in Russian) one can utilize the space between two rotors where
there is already dielectric divided by laminae. One can also, when eelecting
one rotor, use this space for one or & whole series of tubes. .

The fact is, the power attainable with a generator exceeds that which
. we can handle at present in a discharge tube. In fact, we think that three
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rotors rotating with a linear velooity of 100 m/sed for a length of 1 meter
oreate a field in the gap equal to 100 kV/om. This gives a ourrent oqual
to 4O milliamperes. It is impossible to oreate such a current in a present=
day cathode=ray tube for voltages in the millions. Vhen the voltage is 2
million volte the power of such a genorator is 80 kilowatta. Obviously,
this power can be supplied to a number of tubes.

S+ Multidiscous Gensrater

From the point of view of space utilisation, the multirotor genarator
cannot be admitted as satisfactorys the oporating surface is only the surf=
aces of the oylinders; all the remaining space is unused. In Jomparison
with electromagnetio machines the multirotor generator's defeot is its
negligible specific power == mamely, of the order of & kW/mi,

The next stage of our work was, therefors, to inorease the operating
surface of the cylinder. At first we proposed to give the oylinder a strongly
undulating surface. Later, following the suggestions indicated by academi-
clan Mitkevich, we deoided on flat disks, sacrifioing deficiencies of insula-
tion to the advantage of simpler manufacturing techniques,

The multidiscous model is shown in figure 5. 1In principle it does not
differ at all from the miltirotor model, but the multidiscous model's space
is utilized considerably better. Instead of one condenser normal to the ro-
tor's axis, as in the multirotor model, we have here numercus condensers dise
posed perpendicularly to the rotor's axis, whose (Le04, condensers') fields
are parallel to the axise The multidiscous generator consists of a multie
discous siator A whose disks lie batween the disks of rotor B. Each of the
disks are sgparated by a large number of conduoting seotors kept separate by
nonoonduoting laminas. Sestor 1 of the stator is grounded, and sector 2 is
the high-voltage colleator. All the intermadiate sectors receive from the
distributor system C intermediate potentials. In place of the external dige
tribution, the stator's disks oan serve as distributors, if they are covered
with a seml-conducting layer. In this case the separation into sectors is

dropped.

The rotor's sectors receive from the low=-voltage source a charge when
they are located within the sectors 1 of the stator. Thay give up their
charge to the collector upon entering sectors 2 of the stator. Here ocour
the transference from the ssctors and the imparting to the sectors of a
charge q of opposite sign.

As for the rest, the operation of the multidiscous generator is similar
to that of the multirotor one, being one of its existing variants. In pare
ticular, according to the considerations expressed above, 1t is expedient to
install several (2 to 6) multidiscous rotors in one container with the whole
collector in the centers

For a transition to zero potential at the end parts, one can use on the
same axls of the rotor a system of disks possessing dead action with the
step-down potential of the collectors

In the multidiscous generator one can use corpressed gas. For a vacuum,
the generator offers all the advantages of subdivided potential.

The entire generator satisfies the main requirement for a machine using
a vacuum: in no one place can the charge beéat a potential exceeding 50100
kV for a total generator voltage equal to 10° volts.
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In caloulaticns of the ourrent strength attainable by the generator
i1t is necessary to take into consideration that each diok is charged on
both surfaces and that transference of the charge ocours in the high=volt=
age seotor, 8o that after one fu11 revolution a seotor transfers 2q unite
of chargee.

fho oharge is supplied not to the entire avea of a diek but oaly to
the metal conduoting secbors, whose area consists of a oertain fraotion &
of the total area. Ordinarily in our models a oquals 0.6 to 0,75, thus
surrent strength of a four-rotor multidisoous generator ie exprossed ‘thust

T = 4a ENv (R—r)/sm 7:/0",

where N is tho number of disks and R, r are the radii betwesn which the
rotor's ssotors are inoluded.

In oaloulating the voltage which can be expeoted from the generator, we
proceed from the permissible field aleng & disk's surfece bstween two suc-
cessive conducting sectérs.

This field E' oqualst E!' ® Vo/ 77 ro, where b is the ratio of the width
of the ;ree gap to the width of a sector at its base; ordinarily b is larger
than Oe5e

If such a generator with a vacuum were guccessfully made, then it would
compare both in efficiency and in specific power with electromagnetic mach=
ines, giving at the same time & direct current instead of an alternating cur=
vent and permitting one to use 1t as an electrostatic motor with almost the
same powers

We will present & comparative eveluation of generators from the point
of view of specific power.

1. The Van de Graaf generatgr at l millien volts and 2 milliamps pos=
sepses & Vol of msbout 10,000 and gives 8 kW power. The specific power
thus is 8+10L KW/m’,

2. The generator of the type represented in figure 3a. gave in kero-
gene voltages up to 1 milllon volts for ourrents up to O.1 milliamps and
power 0ol kg; 1ts volume was about 20 m3. Therefore the epecific power is
5*10"3 Ki/m, With new gae one can achieve cgnsi.d;gably greater power,
which gives s specific powsr greater then 10=3 kW/m?,

3, The Van de Graaf generator in gas compressed up to 7 atm possesses,
for § million volts and 2 milliamps, a volume of aboub 200 m”, which glves
a specific power of §410-2 /.

e A multirotor generator with the size ggst described can give an es-
timated/gg KW, requiring a volume equal to 4O m-. Thus the speolfiec power
is 2 kW, .

5. Finally, the mltidiscous four-rotor generator with a volume of
120 m3" :gn glve several 1000 kW; that 18, the specific power is greater than
100 Wi/2re

Thus not only from the point of view of attainable voltages and ocurrents
but also according to size, the electrostatic generators can, in the course
of further development, be made into technological equipment for the trans-
nﬂ.s:':.;n of direct-current energy and for many other uses in electrical engl-
nearuge
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Those who took active part in tga actual work of realizing and develop=
ing the ideas proposed here were S. A, Bobkovekiy, Bs M. Gokhberg, No M. Rey=
nov, and Le As Arteinoviche Those investigations will be desoribed in our
subsequent articles. It 1s necessary, however, to note that the suocess of
our work was determined in a large degrea by the expert exeoution of the gon=
erator modele by master F. Nikolayev and D, V. Fillppov and by the expert
constructien of a millien=volt ocathode=ray tube by Le A. Arteimovich, G. Ta.
Shohepkin and also Ds V. Filippove A. Boronin afforded us great service dur
ing all stages of the work and erectien of tho generatore. To all these per=
sons I express my gratitude.

In the course of the work, not lese than 10 generators were made, of
which number cne measured up to |, metere and several were 1 meter in siswe.

Every kind of assistance afforded by the government in this work, in
spite of the deficiencies in the first stages of the work, permitted us to
cope with the many difficulties and to secure certein == ptill, it is true,
imperfect == BUCCOEE6B.

It is still necessary to study and seleot suitable insulating materials
both for the rotor's disks and for the stator!s, from the standpoint of their
mechanical strength, stiffneps, brittlencss, volumetric and superficial con=
ductivity and behavior in a vacuums Further it is necessary to develop tech=
niques for the insertion of the insulating and seml-conducting layers and of
the distridbuting laminae and corona points.

Sti11 untested by actual experiments 1s the possibility itself of build-
ing machinee using a vacuum.

A complex Preblem is the elimination of field distortions at the edges
of the disks, in the distributing resistances, and in the laminae which die-
tribute the potential. High=voltage installations with output in the mil=
lions of volts also require careful investigation,

However, as it seems to the author, our work is setting up the problem
of the alectrostatic generator not only before physice but also before high-
voltage engineeringe

[Figures appended/
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